ABSTRACT:
The objectives were to investigate if partial substitution of a grazing diet with a supplemental high-starch feed during the last 12 d of gestation improved colostrum yield and neonatal activity in goat does grazing semi-arid rangeland. For the fi rst objective, 25 pregnant does were randomly assigned to 1 of 2 treatments: 1) grazing only (control; n = 11), and 2) grazing plus 0.6 kg/d of supplemental corn (as fed), a high starch feed, during the last 12 ± 1.0 d before parturition (SC; n = 14). Colostrum was collected at parturition and again at 1, 3, 6, and 10 h postpartum for yield and composition. In all goats, blood concentrations of glucose and plasma progesterone were determined. Total colostrum yield/10 h was greater (P = 0.002) in the SC does (1,102 ± 144 g) than in control does (405 ± 50 g). From 6 to 10 h postpartum, contents of colostrum protein and solids not fat were less (P ≤ 0.012) whereas lactose contents were greater (P = 0.035) in the SC does than in control does. Concentration of glucose in the blood at parturition was greater (P = 0.037) in the SC does (160 ± 13 mg/dL) than in control does (115 ± 12 mg/dL). A signifi cant decrease (P = 0.001) in plasma progesterone concentrations occurred 1 d before parturition in control does, whereas the decrease (P = 0.008) occurred 3 d before parturition in SC does. For the second objective, 20 does (10 per group) and their single kids were randomly assigned to the same treatments as above for evaluation of dietary treatment on neonatal activity. Kid activity was assessed using videos recorded during the fi rst 90 min after birth. Frequency of low-pitched bleats was greater (P < 0.001) in kids of SC does than in kids of controls. Frequencies and durations of teat seeking from 30 to 90 min after birth and of suckling activity were greater (P ≤ 0.015) in kids of SC does than in kids of controls. Duration of parturition was longer (P = 0.001) in control does (58 ± 10.2 min) than in SC does (21 ± 2.8 min). Finally, percentage of fetal malpresentation was greater (P = 0.036) in control does (33.3%) than in SC does (9.0%). We conclude that partial substitution of the grazing diet with a high-starch feed, corn, during the last 12 d of gestation improved colostrum yield and neonatal activity in goats grazing subtropical semi-arid rangeland.
INTRODUCTION
Ewes and does kept under poor grazing conditions mobilized body reserves during the last 6 wk of gestation due to fast fetal growth and colostrum yield (Hussain et al., 1996; Meyer et al., 2011) . Poor nutrition may reduce the survival rate of neonates by reducing colostrum availability, which is critical for optimal health and bonding of the newborn (Nowak et al., 1997) . In ewes, poor feeding during gestation delays lactogenesis, because of a slow prepartum decline of plasma progesterone (Mellor et al., 1987) . On the contrary, a high-energy supplement during late gestation hastened this progesterone decline and increased colostrum availability for the lamb (Hall et al., 1992; Banchero et al., 2007) . Poor gestational nutrition also affects neonatal behavior at birth. For example, in nulliparous ewes, reducing daily nutritional supply to 35% of requirements during the last 4 mo of pregnancy impaired neonatal behavior by reducing the birth weight of the lamb (Dwyer et al., 2003) ; low-birth-weight lambs were slower to stand than heavier lambs and suckled less frequently. Similar results have been observed in newborn kids from underfed goats (Terrazas et al., 2009) .
Eighty percent of goats in the world inhabit subtropical semi-arid regions (Knights and Garcia, 1997) , in which availability of good quantity and quality forage is limited throughout the year (Ramírez et al., 1991) . In these regions, 80% of parturitions occur between November and February, during the dry season, when feed availability is limited. Thus, kid mortality can reach rates of 51% due to under-nutrition of does in late gestation (Mellor and Stafford, 2004) . Considering these various points, we investigated if partial substitution of the grazing diet with a high-starch feed during the last 12 d of gestation would increase colostrum yield and improve the activity of neonatal kids born from goats bred under semi-arid grazing rangeland.
MATERIALS AND METHODS
Animals were cared for in accordance with guidelines outlined by an Institutional Animal Care and Use Committee (IACUC).
Location and Grazing Conditions
Studies were conducted in the Comarca Lagunera region in the northern part of subtropical Mexico (25° 36´N). This region possesses a semi-arid climate where the mean annual rainfall is about 266 mm (range: 163 to 504 mm) from June to September. The dry season is characterized by a dramatic decrease of food available for grazing, with a shortage of pasture lasting from October to May (Sáenz-Escárcega et al., 1991) . In this region, does are bred under natural conditions, eating only the available natural pasture. Animals graze daily from 0900 to 1800 h, and during the night they are sheltered in pens. The vegetative species available in grazed areas in this region consist mainly of shrubs (Prosopis glandulosa, Acacia farneciana, Atriplex acantocarpa, Agave scabra, and Mimosa biuncifera), herbaceous plants (Heliantus ciliaris, Salsola kali, and Solanum elaeagnilolium), and grasses (Sorghum halepense, Chloris virgata, Setaria verticillata, Eragrostis pectinacea, Bouteloua curtipendula, Aristida purpurea, and Bouteloua barbata). Throughout the year, the composition of goat diets in the Comarca Lagunera region was made up of around 82% shrubs, 12% herbaceous plants, and 6% grasses (Ramírez et al., 1991) . A study by Juárez-Reyes et al. (2004) in this region reported that pregnant goats maintained under semi-arid grazing conditions consumed, on average, 1.2 kg/d DM and 2.1 Mcal/d of ME DM from this diet, which does not meet their maintenance and production nutritional requirements.
Animals, Experimental Treatments, and Peripartum Management
Multiparous does (n = 45) 3-to 4-yr old were used. Does were mated in May by means of the "male effect" technique as described by Delgadillo et al. (2006) . Twenty days before the mean expected date of delivery, does were assigned to 2 treatment groups balancing for their initial BW (50.2 ± 1.9 kg; mean ± SEM), BCS (1.9 ± 0.07 points), and body mass index (BMI; 9.6 ± 0.3 points). During the day, both groups of does were maintained under the same outdoors grazing conditions and returned to their pen at night (1 pen per group). Treatments were 1) grazing only (control), and 2) grazing plus 0.6 kg/d of supplemental corn, a high-starch feed, during the last 12 ± 1.0 d before parturition (SC). The control does (n = 21) did not receive any additional feed. Pregnant does assigned to the SC group (n = 24) received rations of 0.6 kg of fl aked corn/doe (as-fed basis) on average during the last 12 ± 1.0 d of gestation. Corn was offered individually to each doe using small buckets in 2 parts, 0.3 kg in the morning before grazing and 0.3 kg in the afternoon when the goats returned to their pens. Previous studies have shown that goats consumed an average 135 g of CP/kg DM and 2.1 Mcal/d of ME (Juárez-Reyes et al., 2004; Cerrillo et al., 2006) . Offered corn substituted a part of the grazing diet giving 87.3 g of CP/kg DM and 3.06 Mcal of ME/kg DM. In the pens, does of both groups had free access to clean fresh water and mineral blocks, which were provided in 25-kg blocks (Cebú, Salinas del Rey, Torreón, México) and containing at least 17% P, 3% Mg, 5% Ca, and 75% NaCl, as recommended by NRC (2007). In the morning, when females were taken out to graze, those showing clear signs of imminent parturition (i.e., restlessness, frequent vocalizations, isolation from the conspecifi cs, abdominal straining, presence of birth fl uids or hooves of kid) were placed in pens together with other does, regardless of their experimental group. From this time, does that kidded were kept in a common pen and daily fed alfalfa hay (1.0 kg/doe), which provided 50% of their nutritional requirement (170.0 g of CP/kg DM and 1.9 Mcal of ME/ kg DM), and had ad libitum access to water.
Colostrum Production, Blood Glucose, and Plasma Progesterone
Eleven and 14 does were randomly selected from the control and SC treatment groups, respectively, to determine the effect of dietary treatment on colostrum production and composition, and prepartum blood glucose and plasma progesterone concentrations. Does were monitored 24 h/d to know the exact time of parturition. Quantity of colostrum was measured in one-half of the udder (i.e., "collection half") immediately after a doe fi nished kidding and at 1, 3, 6, and 10 h postpartum. For each collection, 5 IU of oxytocin (Oxilac, Proquivet, Guadalajara, México) was administered intravenously to ensure colostrum ejection and recovery of any residual colostrum remaining after milking. The collection half was completely hand-milked, colostrum was weighed, and a 20-mL sample of colostrum was kept on ice and transported to the laboratory for analysis of fat, protein, lactose, solids not fat, and percentage of solids, using a Milkoscan 6000 (Foss Electric, Hillerød, Denmark). To prevent suckling of the collection half, the teat was covered with tape so that kids were prevented from accessing this half for the fi rst 10 h postpartum. We ensured that the kids suckled the available colostrum from the other half of the udder. When the collection period ended, kids were allowed ad libitum access to both halves of the udder. Furthermore, we took every precaution to not disrupt bonding of the kid to the doe during colostrum sampling.
Glucose concentration in does was measured in whole blood using a single drop obtained by jugular venipuncture at 0700 h on d -21, -14 pretreatment, and during treatment period (i.e. just before the substitution with corn) on d -7, -6, -5, -4, -3, -2, -1 before birth, at birth and at 1, 2, 4, and 8 h postpartum. Glucose was immediately measured in whole blood with a blood glucose meter and sensor electrodes as previously described in ewes (Banchero et al., 2004a ; Accu Chek Sensor Comfort, Roche, Mexico). The accuracy of the procedure was of 95%, and the correlation with a glucose assay in plasma was 0.994.
Plasma progesterone was measured from blood samples (5 mL) obtained by jugular venipuncture using heparinized plastic tubes (30 μL; Inhepar Pisa, Guadalajara, Mexico) at d -7, -6, -5, -4, -3, -2, -1 before parturition, at parturition, and at 1 and 18 h postpartum. Samples were centrifuged at 2,147 × g for 10 min at 4°C and plasma was stored at -20°C until analysis. Concentrations of progesterone in plasma were determined by solid-phase RIA (Abraham, 1981 ; Coat-ACount progesterone kit, Siemens, Los Angeles, CA), with an intra-assay CV of 1.04%, and sensitivity of the assay was 0.02 ng/mL.
Neonatal Activity
The remaining does from each treatment group (n = 10 per group), which were not used for determining colostrum production, were used to determine the effect of dietary treatment on activity of their neonate. Does had given birth to a single kid. When a doe was displaying signs of imminent parturition (i.e. restlessness, frequent vocalizations, isolation from the conspecifi cs, abdominal straining, presence of birth fl uids or hooves of kid), it was gently moved to an individual pen of 2 m 2 , located at least 50 m from the rest of fl ock. Doe-kid interactions were recorded during the fi rst 90 min after the expulsion of the kid, using a Sony camcorder (model V-8, Tokyo, Japan) placed on a tripod outside of the individual pen. Activities of the subjects were described aloud by an observer and this description was recorded by the camcorder to facilitate later analysis of the video-recordings in the laboratory. Video recordings were analyzed using the Observer Video-Pro software (version 4.0; Noldus, the Netherlands). The 90-min recording of the doe-kid interactions were analyzed in 3 consecutive 30-min periods from birth of the kid to 90 min postpartum.
Latency, frequency, or duration (or both) of the following activities of the kids were measured: low-pitched bleats = emission of bleats by the kid with mouth closed; teat seeking = extension of the head, and muzzle in contact with the body of the mother as it tried to reach the udder; sucking activity = sucking the teat of the mother for more than 5 s without interrupting.
Assistance at Kidding, BW, BCS, and BMI
Assistance and Duration of Kidding. All does and kids in each treatment group were used to determine the effect of dietary treatment on instances of birthing assistance and duration of kidding. At delivery, does were observed and, in case of dystocia, they were assisted. Does were allowed to give birth and care for their newborn kids without human intervention for 1 h after rupture of the water-bag or the appearance of some part of the kid (usually the hooves). However, kidding assistance was provided if the does had failed to progress after this time. When intervention was necessary, it was kept to a minimum and mainly involved correcting malpresentation of the kid. After intervention, the doe was left undisturbed for the birth process to proceed. Assistance at delivery was scored as without assistance (presentation correct and doe delivered unaided) or manual assistance (malpresentation necessitating assistance). Duration of labor was also recorded and was defi ned as the time elapsed between the appearance of fl uids and the expulsion of the kid.
BW, BCS, and BMI. All does and kids in each treatment group were included to determine the effect of dietary treatment on BW, BCS, and BMI. Kids were weighed just after birth. For does, BW, BCS and BMI were measured every 20 d during the fi rst 4 mo of gestation, and every week during the last month up to parturition. Does and kids were weighed on a mobile scale with a 200-kg capacity and a precision of 0.05 kg. The BCS was determined using the method previously described for this species by Walkden-Brown et al. (1997) , which considers a scale point from 1 (very lean) to 4 (fat). Finally, the BMI was calculated by means of the procedure described by Tanaka et al. (2002) as follows: BMI = [BW, kg / withers height, m / body length, m × 10]
Statistical Analyses
All statistical analyses were performed using the software SYSTAT 13 (Chicago, IL). Two series of statistical analyses were computed separately to compare the changes in BW, BMI, and blood glucose concentrations: one was performed taking into account data collected before the start of feeding corn, to test for a possible grouping effect; in the other series of analyses, only data collected during treatment was considered, to test for the effect of dietary treatment. In each period, an ANOVA (GLM procedure of SYSTAT) with treatment in the model statement was used. Plasma progesterone concentrations and colostrum production were analyzed using the same procedure. Separate individual independent t-tests with Bonferroni adjustments were also performed to compare groups at each time point. The BW of the kids were compared between the 2 groups using this same procedure. All dependent variables were included as repeated measures. Because of the ordinal nature of the data for BCS, this variable was analyzed for an effect of week within each group using the Friedman test, whereas the Mann-Whitney U test was used for comparison between the 2 groups at a given time. Statistical analyses of individual activity variables of kids were analyzed with nonparametric tests (2-tailed) because of the lack of normality of the data. Frequency of activities of the kids at birth in the control and the SC groups were analyzed by means of Fisher exact test considering a random distribution. Data concerning assistance and duration of kidding were analyzed using the χ 2 and the t-test for independent data, respectively. Exact values of P are indicated in the text and the quantity of statistical signifi cance was set at P ≤ 0.05.
RESULTS

Effect of Dietary Treatment on Colostrum Yield, Blood Glucose, and Plasma Progesterone
Ten does from the control group kidded 10 single kids and 1 doe kidded twin kids, whereas in goats from the SC does, these values were 12 and 2, respectively.
Colostrum Yield. At kidding, the amount of colostrum accumulated in 1 collection half was greater in SC does than in control does (P = 0.002; Figure 1) . Similarly, colostrum yield during the subsequent fi rst 10 h was greater in SC does than in control does (P ≤ 0.025; Figure 1 ). Thus, total colostrum yield during the fi rst 10 h postpartum was greater in SC does than in control does (P < 0.001; Figure 1) .
Colostrum Constituents. The percentages of fat in the colostrum at kidding and during the fi rst 10 h postkidding did not differ between SC and control does (P ≥ 0.183; Table 1 ). The percentage of protein in colostrum was greater (P ≤ 0.012; Table 1) for the control does than for the SC does from 3 h postpartum onwards. This was also the case for content of solids not fat in colostrum (P ≤ 0.017; Table 1 ). At 6 and 10 h after kidding, lactose content in colostrum was greater in SC does than in control does (P = 0.035; Table 1 ). The percentage of total solids of colostrum was greater only at 10 h post-kidding in control does compared with SC does (P = 0.005; Table 1) .
Peripartum Blood Glucose Concentrations. Blood glucose concentrations did not differ between groups before dietary treatment (P = 0.524) and no pretreatment time effect was observed (P = 0.924). Similarly, no interaction pretreatment time × group was found (P = 0.650). Figure 1 . Effects of not feeding or feeding supplemental corn (0.6 kg/ doe; as fed) to grazing does during the last 12 ± 1.0 d of pregnancy on colostrum (mean ± SEM) accumulated at parturition in one teat and secreted from parturition to 1, 1 to 3, 3 to 6 and 6 to10 h after parturition. Closed bars indicate responses of does fed corn (n = 14) and open bars indicate responses of does not fed corn (n = 11) while grazing under semi-arid conditions. Differences between groups at each time point are indicated by asterisks (* P < 0.05, ** P < 0.01 and *** P < 0.001).
However, at d 7, 5, and 4 pre-kidding, blood glucose concentrations were greater in SC does than in control does (P ≤ 0.045; Figure 2 ). At kidding, as well as 1 and 2 h post-kidding, glucose concentrations were greater in SC does than in control does (P ≤ 0.037). In both groups, glucose concentration in blood increased at birth and decreased after (time effect, P < 0.001; Figure 2) . Peripartum Concentrations of Plasma Progesterone. Plasma progesterone concentrations in control does were greater at d -6, -4 and -3 before parturition than in SC does (P ≤ 0.036; Figure 3) . Similarly, at kidding and at 1 h post-kidding, plasma progesterone concentrations were greater in control does than in SC does (P ≤ 0.019). Compared with d -7, the concentrations of plasma progesterone were signifi cantly less at d -3 in SC does, whereas in control does a decrease was not found until d -1 pre-kidding (P = 0.008 and P = 0.001, respectively; Figure 3 ).
Effect of Dietary Treatment on Neonatal Activity
Does from the control group gave birth to 5 male kids and 5 female kids, whereas in goats from the SC group, these values were 4 and 6, respectively.
Emission of Low-pitched Bleats. The latency of emission of low-pitched bleats did not differ between kids born from SC does and those born from control does (P = 0.226; Figure 4 ). In contrast, the number of low-pitched bleats emitted was greater in kids born from SC does than in those born from control does during the fi rst 90 min after birth (P < 0.001; Figure 4) .
Teat Seeking. The time from birth to teat seeking did not differ (P = 0.29) between kids of the 2 treatment groups (Table 2) . During the fi rst 2 periods after birth, the frequency of teat seeking was greater in kids born from SC does than in kids born from control does (P ≤ 0.004). In addition, the mean duration of this activity tended to be greater during the period of 30 to 60 min after birth in kids born from SC does than in kids born from control does (P = 0.06; Table 2 ). Similarly, during the last period, duration of teat seeking was greater in kids born from SC does than in kids born from control does (P = 0.034; Table 2 ). Values for frequency and duration of this activity also varied between the observation periods (time effect, P < 0.001).
Sucking Activity. Latency to display sucking activity did not differ between both groups of kids (P = 0.131). However, from 30 to 90 min after birth, kids born from SC does sucked more frequently and for longer than kids born from control does (P ≤ 0.011 and P ≤ 0.015, respectively; Table 2 ). Duration but not frequency of this activity varied between the observation periods (time effect, P < 0.01). 
Effect of Dietary Treatment on Assistance at Kidding, BW, BCS, and BMI
Assistance and Duration of Kidding. The duration of the parturition process was longer in the control does than in the SC does (58 ± 10.2 vs. 21 ± 2.8 min, respectively; P = 0.001). A greater percentage (33.3%, 7/21) of the kids born from control does were malpresented than of kids born from SC does (9.0%, 2/22; P = 0.036).
Body Weight, BCS, BMI and Birth Weight of Kids. In both groups, BW, BCS and BMI varied throughout the pretreatment period (time effect, P < 0.001) whereas no time × group interaction was found (P ≥ 0.161). Besides, BW did not differ throughout the pretreatment period between the 2 groups. Body mass index at parturition tended to be greater in the SC does than in control does (P = 0.06; Figure 5 ). On the other hand, BCS of SC does at parturition was greater than in control does (P = 0.001; Figure 5 ). However, during the feeding corn period, time had an effect on BW, BCS and BMI (P < 0.001) and an interaction time × group was found for the 3 variables (P ≤ 0.007; Figure 5 ). In both groups, BW and BMI increased before parturition and decreased at that time, whereas BCS decreased (P < 0.001) during the pretreatment and dietary treatment periods until birth. Birth weights of the kids were pooled and no difference was found between the 2 groups (controls: 3.2 ± 0.08 kg; n = 22; SC group: 3.3 ± 0.06 kg; n = 26; P = 0.21).
DISCUSSION
Our hypothesis that partial substitution of grazing diet with supplemental corn during the last 12 d of gestation increases goat colostrum production and improves the activity of the newborn kid was supported by the present study. Our results show for the fi rst time in goats maintained under semi-arid natural grazing rangeland, the strong benefi cial effects of substituting a portion of the grazing diet with supplemental highstarch feed during late gestation on the lactogenesis and corporal state of the dams. Furthermore, this feeding strategy during late gestation signifi cantly improved the activity of the neonates. and open circles indicate responses of does not fed corn (n = 11) while grazing under semi-arid conditions. Open and fi lled arrows indicate a signifi cant decline in plasma progesterone concentrations in relation to d -7 before birth in not feeding or feeding supplemental corn does, respectively. Differences between groups at each time point are indicated by asterisks (* P < 0.05 and ** P < 0.01). Figure 4 . Distribution of the number and mean latency (± SEM) to emit low-pitched bleats in kids born from not feeding or from feeding supplemental corn (0.6 kg/doe; as fed) goats during the last 12 ± 1.0 d of pregnancy. Closed bars indicate responses in kids from does fed corn (n = 10) and open bars indicate responses in kids from does not fed corn (n = 10) while grazing under semi-arid conditions. Distribution is relative to the total number of low-pitched bleats during the 3 periods after birth. Differences between groups are indicated by asterisks (*** P< 0.001). a vs. b denotes differences in the frequency of this behavior between observation periods in control kids.
Increased colostrum yield that we found in the present study in SC does at parturition and during the fi rst 10 h postpartum, is congruent with recent reports in ewes. In these reports, supplementation with corn or barley during the last 8 d of gestation increased the quantity of colostrum available at parturition (Banchero et al., 2004a (Banchero et al., ,b, 2007 (Banchero et al., , 2009 ). In the ewe, the starch provided by corn is a source of energy that contributes to increase blood glucose; this, in turn, increases lactose synthesis, and thus, colostrum yields (Hodgson et al., 1991; Landau et al., 1999; Banchero et al., 2006 Banchero et al., , 2007 . Greater blood glucose concentrations observed in SC goats suggested that the same mechanism occurred in the goat to increase colostrum yield. Interestingly, in our study we also found that feeding supplemental corn prepartum also increased the concentration of lactose in colostrum, indicating that partial substitution of the grazing diet with a high-starch feed had a benefi cial effect on colostrum quality in the goat as reported in ewes (Banchero et al., 2004a) .
However, a greater availability of glucose for colostrum synthesis is not the only mechanism by which greater dietary energy increased colostrum yield. Another consequence of greater energy in late pregnancy is to facilitate the decrease of plasma progesterone concentrations at the end of pregnancy, which explains why this decrease occurred earlier in SC than in control does. This is in agreement with previous reports in the ewe (Mellor et al., 1987; Hall et al., 1992) . This early decrease of progesterone is important, because when progesterone decrease is delayed, it also results in delaying the onset of colostrogenesis (Hall et al., 1990; O´Doherty and Crosby, 1996) . Prepartum decrease in circulating concentrations of plasma progesterone is considered to be the lactogenic trigger in many species, including humans (Kuhn, 1969; Delouis, 1978; Neville, 2001; Foisnet et al., 2010) . Thus, the faster decrease in plasma progesterone concentrations observed in our SC does compared with control does may explain the greater quantity of colostrum available to the neonate in the fi rst hours postpartum. To our knowledge, it is the fi rst time that the relations between blood glucose, plasma progesterone concentrations, and colostrum yield are associated with the amount of energy just before parturition in goats grazing poor-quality pasture. Table 2 . Mean latency, duration (± SEM) and total frequencies for activity displayed in the fi rst 90 min after birth by kids born from does maintained either under extensive grazing management without (control, n = 10) or with 0.6 kg of fl aked corn/d (as fed) during the last 12 ± 1.0 d of pregnancy (SC, n = 10) In our study, improvement of activity of the kids at birth by increased maternal dietary energy, confi rming recent results in goats that received 100% of their nutritional requirements during gestation (Terrazas et al., 2009) . In this latter study, newborn kids born from well-fed goats were faster to stand, to search for the udder and to reach it than kids born from experimentally underfed goats, which were fed 30% below their nutritional requirements for energy and protein (Terrazas et al., 2009) .
In addition, the greater frequency of low-pitched bleats observed in newborn kids from SC does than in control does agrees also with observations made in lambs by Corner et al. (2010) . These authors found that lambs born from ewes having an adequate pasture (sward height of 4 cm) during gestation emitted more low-pitched bleats than lambs born from ewes maintained on pasture with a lower sward height (2 cm), suggesting a reduced vigor of these latter lambs. Therefore in our study, a greater frequency of vocalization in kids from SC does suggested that greater maternal dietary energy resulted in an increased vigor of kids. Furthermore, this increase in vocalizations appeared partly independent from the increase in colostrum yield and quality because it was present before the kids started to suck. Similarly, the increased frequency and duration of teat-seeking activity and of the sucking activity recorded in kids born from SC does were another indication of the greater vitality of these kids during the early mother-young interactions, as suggested also in newborn lambs (Dwyer et al., 2003) . However, whereas these authors suggested that poor behavior of lambs from undernourished mothers was due to a decrease in birth weight, in our study, the birth weights of kids did not differ between the control does and SC does. Therefore, our results suggested that energy status had a direct effect on the neonate activity in the goat. Together, greater vocal activity and vigor displayed by newborn kids could result in greater attractiveness for their mother, thus reinforcing the display of their maternal care towards these more active neonates, as proposed by Klopfer and Klopfer (1977) .
As a whole, neonatal activity, including bleating, successful attempts to suck, and maintenance of close contact with dam, are behavioral stimuli, which contribute to the establishment and maintenance of the dam-offspring bond and are also associated with newborn survival (Vince, 1993; Nowak, 1996; Sèbe et al., 2007 Sèbe et al., , 2008 . Greater maternal dietary energy, provided prepartum, reduced the frequency of assistance at kidding and shortened the duration of labor. The precise mechanism by which adequate nutrition during pregnancy facilitates the parturition process is not totally understood. It has been suggested that restricted uterine growth and volume of amniotic fl uid in underfed mothers would reduce fetal movements and consequently would lengthen parturition (Dwyer et al., 1996) . Furthermore, the process(es) of parturition represents an important metabolic demand (Neilson et al., 2003) , and therefore, pariparturent females may not have suffi cient energy to cope with this physiological process. In addition, regardless of the mechanism responsible for the greater percentage of malpresentation found in underfed females, this could be a further cause for the differences of activity observed between control kids and kids from SC mothers. Indeed, recent studies have shown that fetal malpresentation and prolonged parturition may impair neonatal activity, mainly reducing lamb vitality as evidenced by low udder-seeking and suckling activities (Dwyer et al., 1996 (Dwyer et al., , 2003 Dutra and Banchero, 2011) .
Additional effects of feeding corn to pregnant goats were found in the present study. For example, BCS and BMI did not decline drastically at parturition in SC does, contrary to control does. These effects could be related to a reduced mobilization of body reserves; perhaps, corn supplied part of the increased energetic demands in this fi nal stage of gestation (Frutos et al., 1998; Banchero et al., 2004a) . To conclude, our results underline the interest of providing more energy to latepregnant goats maintained under grazing management in semi-arid rangeland. Partial substitution of the grazing diet with a high-starch feed in late gestation is likely to increase the chances of survival of kids. In fact, this increased colostrum yield and improved neonatal suckling activity are determinant for the establishment of a strong mother-young bond, including the development of a preferential attachment with the mother which facilitates to discriminate her from other dams (Nowak et al., 1997 Goursaud and Nowak, 1999) .
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